The renal biopsy, though a relatively safe medical procedure, should be undertaken only after serious consideration of possible morbidity and rare mortality that can occur with this invasive technique. 1 Owing to the nature of the diseases to be detected, the sample of renal tissue needs to be examined with optimal methods to allow for a complete evaluation, including light microscopy (LM), immunohistochemistry (IHC, includes either immunofluorescence (IF) or immunoperoxidase (IP)) and electron microscopy (EM). The correct diagnosis requires a well-trained renal pathologist with thorough knowledge of not only renal pathology but also renal medicine in order to correlate intricate tissuederived information with detailed and sometimes subtle clinical data in order to provide the best possible clinicopathologic diagnosis or diagnoses.
The Renal Pathology Society formed an Ad Hoc Committee on Renal Biopsy Guidelines to develop recommendations regarding the processing and evaluation of renal biopsy specimens. This was followed by an intensive several-year period of refinement. The guidelines would first be reviewed by the Executive Board of the Renal Pathology Society and subsequently submitted to the membership for discussion, debate and suggestions (see the contributor list in Acknowledgments). The committee then revised the guidelines and the process would begin anew. The techniques and guidelines appropriate for adequate evaluation of a renal biopsy and the recommended qualification standards for those interpreting renal biopsies presented in the following sections are the result of this rigorous process.
Renal biopsy fixation and processing
The renal biopsy should be accompanied by adequate clinical information to enable proper interpretation of findings. Many laboratories provide a special clinical information form to ease the recording of the overall renal syndrome, symptoms and laboratory data. Although this does not replace direct communication with the submitting physician, this basic medical information provides a good initial background for overall interpretation of the renal biopsy. The use of a dissecting microscope can be of assistance in assessing sample adequacy. Another alternative is the use of a standard light microscope. The tissue is placed on a glass slide with normal saline and examined with or without a coverslip producing a wet mount. 2 A trained observer can recognize fat, skeletal muscle, and other nonrenal tissue. Knowledge of the glomerular content of the sample can guide division of tissue for the various histologic modalities (Figure 1 ).
In the absence of direct glomerular visualization, a standard protocol for dividing the tissue obtained at each 'pass' should be used to avoid inadequate glomerular sampling for LM, IF or EM (Figure 2 ). There are several acceptable approaches; laboratories that perform IHC on fixed embedded tissue have even more options. The standard approach is to first procure tissue for EM from each core by removing 1 mm cubes from the ends and placing them in formalin, cooled glutaraldehyde or other fixative suitable for EM. Some clinicians prefer that the pathology laboratory obtain tissue for EM from the ends of the formalinfixed tissue. If the specimen is to be sent to a laboratory that uses IF, the first core can be cut in half by crosssectioning and the larger piece placed in formalin or another fixative suitable for LM; the smaller portion is saved for immunofluorescence evaluation. If a second core is obtained, the ends should be taken for EM and the specimen again divided almost in half with the larger tissue core now kept for IF and the smaller for LM. Alternatively, if both cores contain cortex, one core can used for LM and one core for IF. Tissue from further passes should be divided to balance whatever was obtained initially.
If tissue is limited, the clinical differential diagnosis may drive the division of material, for example, in cases of rapidly progressive glomerulonephritis, an attempt to secure sufficient material for IHC to rule out antiglomerular basement membrane antibodies is important. Although artefacts will be induced, frozen tissue used for IF can be subsequently processed for either LM or EM and, depending upon the questions to be addressed, useful information can still be obtained.
The biopsy specimen must be handled gently when removed from the biopsy needle; an 18 G needle or a thin wooden stick, for example, a toothpick, is ideal. Normal saline can be also used to wash the sample off the needle. To avoid crush artefact, forceps should not be used. Pulling and stretching the tissue during removal from the needle must also be avoided. Desiccation artefacts and osmotic injury may result from placing the tissue on dry gauze or gauze soaked with water, respectively. Other sources of artefact include freezing the entire sample, or placing the sample in ice-cold saline. If the biopsy cores are sent to the pathology laboratory for division and processing, they may be placed in transport fluid (usually tissue culture medium), physiologic saline-moistened gauze or filter paper carefully folded over the tissue.
The sample should be cut with a fresh scalpel or single-edged blade (one that has been cleansed of oil and not been exposed to fixative). The portion for IF is gently picked up with a separate clean tool and placed in transport solution (some centers use tissue culture medium) remaining untouched by formalin or other fixatives. The remainder is placed promptly in fixative for LM and EM because good LM and EM morphology is dependent upon the rapidity of tissue fixation.
If the pathology laboratory uses IP instead of IF, biopsy handling is simplified. The material for IP is taken from the formalin-fixed material also used for LM requiring only that the ends of all pieces be saved for EM.
LM

Fixation
The most commonly used fixative for LM is buffered, 10% aqueous formaldehyde solution (formalin). Formalin is stable at room temperature, provides acceptable morphology, and allows IHC or molecular studies to be performed. Some laboratories prefer alcoholic Bouin's, 3 Duboscq-Brasil 4 or Zenker's fixatives that provide better preservation of certain morphologic details. However, these fixatives limit recovery of material for EM, IP or molecular studies, and require additional precautions and handling. Bouin's and Duboscq-Brasil fluid contain picric acid that is highly explosive when dry and can be a disposal problem. Some laboratories prefer 4% paraformaldehyde to optimize tissue suitability for LM, IHC and EM and for possible research applications including in situ hybridization (ISH) studies. Owing to a decrease in polymerization of critical components, this fixative provides superior molecular stabilization for IHC and ISH. It also provides preservation of The renal biopsy PD Walker et al morphologic details equivalent to formalin. 5, 6 Methacarn, a modified Carnoys fixative (methyl alcohol 60%, chloroform 30%, glacial acetic acid 10%), provides good fixation for LM and EM and, in some studies, has provided excellent recovery of mRNA, 7 though not in others. 8 The material processed for LM can serve as reserve material for IHC or EM if either of these other modalities is found lacking glomeruli. Formalin fixation and paraffin embedding is not an impediment to detailed electron microscopic evaluation and rapid reprocessing is a relatively simple procedure.
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Processing and sectioning To avoid specimen loss during processing, the specimen for LM should be gently wrapped in lens paper that has been prewetted with fixative. Neither sponges nor plastic embedding bags should be used because mechanical artefact almost always occurs. Tissues can be processed overnight using a protocol appropriate for small biopsy samples. Alternatively, rapid processing protocols are available, some employing a microwave fixation step, that can be used for same-day processing.
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Sectioning and staining Serial sections of 2 mm thickness are cut and at least two sections should be placed on each slide. There are many acceptable staining protocols; most include staining alternating slides with hematoxylin and eosin stain (H&E) periodic acid-Schiff reaction (PAS), silver methenamine and trichrome stains.
IHC
Preparation IF is best performed on unfixed, frozen sections. Tissues can be transported to the laboratory fresh on saline-soaked gauze or in Michel's fixative (Modified Michel's Tissue Fixative (Wampole Laboratories, Cranbury, NJ, USA) sometimes referred to as 'Zeus medium'). 15 Serial sections are cut at 2-4 mm in a cryostat. IP staining requires no special tissue preparation in that the same formalin-fixed, paraffin-embedded material used for LM is also used for IP.
Staining
The antigens that should be routinely examined include: immunoglobulins (primarily IgG, IgM and IgA), complement components (primarily C3, C1q, and C4), fibrin, and kappa and lambda light chains. Additional antibodies may be required in specific circumstances, for example, amyloid speciation, 16, 17 collagen IV alpha chains in hereditary nephritis, 18, 19 IgG subclasses, 20, 21 virus identification, [22] [23] [24] [25] lymphocyte phenotyping in allografts in suspected cases of PTLD, 26, 27 C4d in allograft biopsies, 28, 29 etc. In the absence of appropriate tissue in the IF sample, paraffin-embedded material can be examined using IP techniques (see later).
Controls
IHC controls should include a negative control (no antibody applied) and a positive control (albumin can serve this purpose) for each run. Internal controls exist for many of the antigens in routine use. For example, IgA is generally present in tubular casts, IgG in protein droplets and C3 in blood vessels. Each time a new vial of antibody is opened, the correct dilution should be determined using known positive slides.
IF vs IP
IP has almost completely replaced IF in routine surgical pathology and in many renal pathology laboratories. Well-developed antigen-retrieval procedures and the widespread availability of automated IP stainers provide reproducible results in kidney biopsies. Advantages of IP include correlation of the LM and IP since sections come from a single block, and an expensive IF microscope attachment is not needed. IP material is also a more permanent sample allowing repeated examination without fading.
Still, IP has certain drawbacks. Complement antigens require careful, time-consuming antigenretrieval procedures because of antigen masking during processing into paraffin. A false negative can be a concern. Interpretation of IP slides is also complicated by potentially higher background in renal tissues and the difficulty of titrating the final color product to avoid over-or understaining. Also, since the IP signal is a reaction product dependent on interaction of substrate and enzyme, diffusion artefacts can create problems in interpretation.
Immunofluorescence is the choice for many nephropathologists. The use of dark field microscopy for IF produces a very high signal-to-noise ratio. Accurate localization of deposits is possible in most laboratories with good frozen section technique, and excellent resolution is achievable with fluorescence microscopes having epifluorescence attachments. Overall, the choice between IF or IP is based on the experience and technical resources of the nephropathologist. Both methods can provide excellent material and, in fact, they can complement one another in various clinical settings.
EM
The tissue for EM may be fixed in 2-3% glutaraldehyde or 1-4% paraformaldehyde. Adequate fixation can also be obtained when tissue is fixed in buffered formalin. EM cannot be performed on tissues exposed to mercury-based fixatives (Zenker's, B-5, etc). The tissue sent in Michel's transport medium would have poor ultrastructural preservation since this is not a fixative solution. Rapid placement of the sample into fixative will provide the best outcome. Tissue can be reprocessed from the paraffin block, or the frozen block if no glomeruli are available in the EM sample. Although severe cellular artefacts may result when frozen and paraffin-embedded tissue are processed for EM, the GBM and immune deposits are usually sufficiently intact for evaluation.
Toluidine blue-stained, 1 mm thick, so-called 'thick' sections, are examined to identify appropriate structures for thin sectioning and examination with the electron microscope. Thick sections are also useful to supplement the paraffin material (eg a lesion of focal segmental sclerosis may only be present on the thick section). In general, one or two glomeruli are examined ultrastructurally. Low-, medium-and high-magnification photographs are taken to include both capillary loops and mesangial areas. The tubulointerstitium and vessels are also examined and pertinent photographs taken to illustrate any abnormalities in these areas.
Interpretation of the renal biopsy
The evaluation of a kidney biopsy includes examination of multiple serial sections each with several tissue slices, stained with a variety of stains to be examined by LM and IHC. 'Thick sections' for EM are also reviewed for additional information. Careful evaluation of glomeruli, tubules, the interstitium and the vessels is required. The final report should provide a glomerular count with the number showing global and/or segmental sclerosis. In certain situations, other glomerular lesions should be counted (eg number of crescents, subtyped into cellular, fibrocellular and fibrous, etc). A description of alterations in tubules, interstitium and vessels should also be included. Each slide represents another level that may reveal additional findings, re-emphasizing the importance of meticulous examination of all materials. Rapid turnaround is required to obtain maximum utility from information derived from the renal biopsy. Two days for LM and IF and 3-5 days for EM should be considered routine. Finally, a renal biopsy should never be interpreted in a clinical vacuum. A nephropathologist must have a thorough understanding of renal disease as well as good communication with the nephrologists caring for the patients. This allows an accurate correlation of clinical information with the observed pathologic processes and this combination will lead to the correct final diagnosis.
The Native Kidney Biopsy
Native kidney biopsies provide maximum information when evaluated by LM, IHC and EM. [30] [31] [32] Whether the use of all three modalities is necessary for all biopsies has been debated, and certainly some nephropathologists use their discretion in selected cases. 33 Still, less than a complete workup should be a rare exception, usually resulting from an inadequate specimen for one of the studies, LM, IF or EM. Biopsy diagnoses generated without IHC or EM data may result in an erroneous or incomplete diagnosis (Table 1 ) because a number of entities can only be recognized by IHC or EM.
If one study is intentionally omitted it is usually EM. Recent reviews, however, have demonstrated the utility of EM in renal biopsy diagnosis and reconfirmed the necessity of routinely performing electron microscopic evaluation. 32 , 34 Haas 34 showed that the usefulness of EM has not declined since the earlier reports documenting the need for EM published in the early 1960s and 1970s. While EM was absolutely necessary to make a correct diagnosis in 21% of cases, EM evaluation resulted in clinically relevant refinement of or addition to the diagnosis in another 24%. Examples of the latter include findings of thin glomerular basement membranes (GBMs) to account for otherwise unexplained hematuria in a patient with interstitial nephritis or acute tubular necrosis, tubuloreticular inclusions in a reportedly HIV-negative patient with collapsing glomerulopathy, among others. Although in retrospect, as many as 50% of cases do not require EM, it is not possible in an individual biopsy to determine if it can be completed without EM until the EM findings are actually known.
The Renal Transplant Biopsy
Donor biopsy
Questions regarding the suitability of a cadaveric kidney for transplantation may arise, particularly with the increasing use of older donors. Intraoperative frozen sections are frequently employed in these situations. The information extractable from a frozen section is directly linked to the quality of the section generated. A frozen section of acceptable quality is adequate to assess the percentage of globally sclerotic glomeruli and the extent of arteriosclerosis to identify major glomerular lesions and significant interstitial inflammation. Attempts to diagnose glomerulonephritis, quantitate interstitial fibrosis or identify mild acute tubular necrosis are frequently beyond the capabilities of the usual frozen tissue section.
The easiest determination is quantitation of glomerulosclerosis and this is usually the main point of interest to the surgeon. Randhawa et al 35 correlated donor biopsy histologic findings with 12-month post-transplant outcome. Using rigorous multivariate analysis, they demonstrated that with each increment in global sclerosis (graded 0, 1, 2, 3; 0, 1-10, 11-20, 21-30%), the odds ratio for a worse outcome increased by 2.0 (Po0.03) after correcting for recipient age. In a more recent study, Escofet et al 36 have confirmed the importance of glomerulosclerosis as a predictor of outcome. Importantly, Wang et al 37 have shown that for a statistically significant prediction of outcome based on glomerulosclerosis, at least 25 glomeruli are needed in the baseline biopsy. Although there is also a strong correlation between the presence of interstitial fibrosis and a worse outcome, 38 this determination is difficult to impossible on a frozen section of donor kidney. As with all frozen sections, the remaining material should be formalin-fixed and submitted for LM. When time is less critical, rapid processing after formalin fixation can provide information far superior to that available on frozen section.
Transplant biopsies for allograft dysfunction
In many centers, transplant biopsies are handled differently than native kidney biopsies. A minimum of two biopsy cores is indicated since the sensitivity of a single core for rejection is 91%; the addition of the second core improves the sensitivity to about 99%. 39 The same histologic staining protocol is usually followed. Often IF and EM are omitted unless there is clinical suspicion of recurrent disease. Recent appreciation of the correlation between antidonor HLA antibodies, 28, 38 and C4d deposition along peritubular capillary endothelium and resistant rejections mandating more aggressive therapeutic intervention, has led to the recommendation of all or most biopsies for acute dysfunction be stained for C4d. Both IF and IP procedures exist for this antigen.
The use of a reproducible classification scheme for rejection that provides significant prognostic information is important. The most widely accepted system is the Banff Classification. 40, 41 This is a working formulation that continues to evolve as evidenced by the recent addition of antibodymediated rejection criteria. 42 New directions 'It is hard for the present day nephrologist or nephropathologist to conceive how renal pathology was understood prior to renal biopsy' 43 (quoted in Pirani 44 ). The renal biopsy was a significant underpinning for many of the great advances seen in the understanding of renal diseases during the last 50 years and continues to play an important role. Accurate diagnosis and classification of renal diseases has also led to the development of more specific and superior therapy. Still, the renal biopsy as evaluated now, cannot always suggest the best choice between various available therapeutic options, 45 and improvements in its prognostic capability are needed.
New directions include [45] [46] [47] [48] [49] [50] [51] genomics and proteomics of renal disease. This arena is currently handicapped by the need for tissue fixation that may limit recovery for RNA and protein analysis. In addition, the complex structural organization of the kidney with diseases limited to specific segments of the nephron makes interpretation of whole kidney biopsy proteomic or genomic patterns problematic. The latter makes the genomic or proteomic study of glomerulonephritis or tubulointerstitial disease much more difficult than the evaluation of, for example, neoplasms that are far more uniform and often available in much greater quantity. Lasercapture microdissection provides part of the solution by allowing selection of glomeruli or a specific tubular segment for study. [52] [53] [54] Still, the minute amount of available tissue severely limits exploration and further technological advance is needed to validate clinical utility prior to routine application of these exciting techniques.
Conversely, ISH has been successfully applied to various renal diseases during the last 10-15 years. [55] [56] [57] [58] [59] As the availability of reagents and tools has expanded, this technique is being applied more widely. In the future, ISH will provide confirmatory and specific information for the extensive data being generated by genomic studies.
Conclusions
This document incorporates the consensus opinions of the Ad Hoc Committee on Practice Guidelines, appointed by the Renal Pathology Society. A significant percentage of the membership of the Renal Pathology Society contributed to the manuscript (see Acknowledgements) and the manuscript has received almost universal support from the membership at large. It is intended to highlight the essential ingredients necessary to provide quality renal pathology diagnoses.
Optimum evaluation of a renal biopsy requires a technically proficient laboratory that can generate well-fixed and thinly sectioned slides stained with a panel of special stains. The laboratory must be able to provide complete immunohistochemical analysis and ultrastructural examination. Any deviation from this comprehensive array of studies risks incorrect or incomplete diagnostic information.
There is currently no subspecialty certification by the American Board of Pathology for renal pathologists. However, to provide quality diagnoses in this arena, the pathologist should have received more than the usual brief experience in renal pathology during residency. A renal pathology fellowship or a concentrated exposure to renal pathology under the auspices of an experienced nephropathologist is highly recommended.
Since every year new entities are identified and new classification schema are formulated, the provider of renal pathology diagnoses must keep pace with this rapidly evolving subspecialty. This is challenging because the majority of renal pathology contributions to the literature appear in nephrology rather than pathology journals. Furthermore, although the Renal Pathology Society has excellent sponsored programs at the United States and Canadian Academy of Pathology Meeting and other Pathology meetings worldwide, the most extensive renal pathology presentations occur at Nephrology meetings, particularly the American Society of Nephrology Meeting. Thus, significant extra time, effort and expense are required of those desiring to remain current in their knowledge of renal disease.
Renal pathology is an exciting and challenging discipline. Patients with renal disease encompass a broad spectrum of medical diseases that are frequently complex and multisystem in nature. The renal biopsy, appropriately processed and interpreted will yield the correct clinicopathologic diagnosis leading to the appropriate therapeutic strategy while, at the same time, providing key prognostic information.
